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Turpentine has for years been almost inseparably associated 
with paint. Even though today, when paint manufacturers also are 


using other solvents and thinners, the greatest industrial outlet 


for turpentine is still the paint and varnish industry. In con- 


nection with its use in paint, comparatively little thought is 
given to its composition and to the unique chemical and physical 
properties of its major nabiieeesa, the pinenes, or to the 
less volatile minor constituents which are known to exert cone- 
siderable influence in the behavior and reactions of the pinenes 
nade Turpentine is in reality a mixture of highly reac- 
tive chemicals belonging almost entirely to the tcrpene group. 
Its potentialities as raw material for the isolation of organic 
chemicals, for the preparation of diverse derivatives, for the 
synthesis of chemicals which may find application as plastics, 
as synthetic resins, as perfumes, and as medicinals, is only now 
being appreciated. 
Commercial turpentine may be roughly divided into two gen- 
eral types, that irddinod from gum and that derived from wood. 
The gum spirits type is distilled from the olecoresin of the liv- 
ing tree, and in this country is obtained principally from the 
two species, P. Perietes e and P. Caribbaca (longleaf and slash 
pine, respectively). A substantial part of the world's gum spir- 


its of turpentine is obtained from other species of pines in 


a 

France, Russia, Greece, Spain, Portugal, and, to some extent in 
the Orient. Turpentines of the sccond type are produced from 
wood, so-called "stcam distilled wood turpentine" being the most 
important representative. Both it ie destructively distilled 
wood turpentine are derived from old pine stumps and Lightwood. 
The pulping of pine wood by the sulfate process also yiclds tur- 
pentine as a by-product. Tho composition an propertics of the 
wood turpentine vary with the different producers and degree of 
refinement. In contrast with the turpentines of the second type, 
production of which is mainly in the hands of well-organized and 
modern chemical industrics, the gum spirits type is produced al- 
most entirely in a more or less ae eee The farmer=producer, 
with his individual still, is his own producer of turpentine and 
rosin. There are some 1,200 stills distributed in the pine belt. 
There is, consequently, a sharp differonce in the picture presented 
by the gum industry, which is turning out turpentine as such, and 
the more recently developed wood turpentine industry, which now of- 
fers a host of chemical products and is constantly increasing and 
diversifying these products. This eee not mean, however, that gum 
turpentine is not used as a raw material in a few synthetic chomi- 
cal industries, such as manufacture of synthetic camphor, and to a 
very limited extent (abroad), manufacture of Cana orl and terpin- 
hydrate. In the synthetic field, however, it is used only in a 
very restricted way, and as a competitive raw material with other 
turpentines. i 

As a prerequisite for the production and commercial exploita- 
tion of its various chemical products, the wood turpentine industry 


has found it necessary to make an intensive study of the composition 
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of its row materials. To this ‘day it is characterized by con- 
tinuous activity in the isolation of constituents and preparation 
of derivatives. A gront deal of fundamental information on this 
type of turpentine has thus become available. Contrast this with 
the gum industry. Although it still constitutes the major supply 
of turpentine, little fundamental study -- and most of this com- 
paratively recent -- has becn given gum spirits of turpentine. In 
fact, until a few yoars ago, beyond the work of Darmois, Dupont and 
xe Leite 3 pba Ast sco eens little was known regarding the 
composition of evon the major terpene constituents, a= and B=pinene. 


These two are now known to represent about 95 per cent of the fresh 


gum spirits. Information on the romaining 5 per cent is excecdingly 


meagre, despite the fact that it has long been known that this portion 


exercises an influence, disproportionate to its percentage content, 
in the yicld of synthctic camphor, and despite the fact that the 
characteristic pleasant aroma of fresh gum spirits was highly in- 
dicative of promising constituents in this turpentine. 

In a publication a feow years tt rw boston of the major 
part of American gum spirits was reported. In a later MOE 
a detailed study of the composition of commercial stcam distilled 
wood turpentine was roported, and gross differonees in the composi- 
tion of the two kinds of turpentine were pointed out. This com- 
parative study, however, was handicapped by the absence of informa- 
tion on the nature and constituents of the non-pinene portion of 
gum spirits. The work reported in the present paper is an attompt 
to fill in this much needed information on the minor constituents 
of gum spirits comprising both low-boiling and high-boiling con- 


stituents, generally referred to as the "forerun" and "tailings," 


respectively. Tho low-boiling part, ‘or "Porerun," although con- 


da) jue 
stituting but an insignificant proportion together with the "toail- 
ings," may exercise an important contributory influence on the 
keeping qualities. of turpentine. 

Dupont has examined French turpentine, which resembles Ameri- 
can gum spirits of turpentine, and detected dipentene, sobrerol, 
possibly pinol, a sesquiterpene hydrocarbon distilling around 220°C/10 mm, 
traces of alcohols, and traces of aldehydes or ketones. 

While our own investigation was in progress Hasselstrom and 
Hampton reported in a recent lacie = Re methyl chavicol 
in gum spirits tailings. The presence of methyl chavicol was also 
kmown to us. The occurence of Mea ethers was mentioned in our 
preliminary report on the ate 

The composition of the tailings, exclusive of non-volatile 
matter such as rosin carried over by entrainment, is roughly as fol- 
lows:= 

(2) About 1/5 consists of hydroxy compounds (alcohols and 
phenols). A detailed study of the composition of this portion is 
not being reported at this time. 

(b) About 2/5 consists of monocyclic hydrocarbons, dipen- 
tene, terpinolene, and possibly p-menthene and limonene. The 
saturated hydrocarbon pementhane could not be detected. 

(c) About 2/5 consists of other non=hydroxy compounds which 
distill above 85°C/10 mm, and do not react with alkyl borates. A 
considcrable proportion of this is methyl chavicol, the lower boil- 
ing isomer of anethol. Methoxyl determinations of higher boiling 
fractions also indicate other methyl ethers or esters. Bornyl 


acetate has been separated and identified, The examination of the 


material boiling above 100°C/10 mm has not been completed. 
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Distillation Procedure and Equipment. The fractionations were 


carricd out in distillation asscmblies at suitable pressures main- 
tained constant by a sensitive pressure control Ree 
tion at accurately reproduced and controlled etal OY. 
changes in distillation temperatures of less than 0.1°C significant, 
thus permitting a more intelligent "cutting" of the distillate 

into appropriate fractions. Tomperature changes were read by moans 
of a multiple thermocouple connected through cold junctions to each 
other and to a poteontiometcr. Tomporature served as a guido in the 
properly timed introduction of individual fractions into the still 
pot for systematic refractionation. 

The major portions of the fractionations were carried out in 
gauze plate columns, the one shown in Figure I being a typical 
assembly. The columns were surrounded with hot air jackets similar 
to the one described by ae In the latter part of tho distilla- 
tion work, particularly in the fractionation of high=boiling liquids 
ot low pressures, usc was mado of a wound glass fiber anti-bumping 
and boiling promoting gen 58h pies of the final rofractionations of 
the forcrun were carried out in.a semi-micro packed soumen 

The initial fractionations were run in batches. As the 
climination of the pincnes progressed, it was possible to combine 


concentrates of the minor constitucnts. These composites were 


then systematically rofractionated. 
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"Hoads," or Forerun, The turpentine used for this part of 
the investigation represented the first 10 =i cent of the steam 
distillate of a I aS of longloaf ore olcoresin 
(P. Palustris). We apor rad water was romoved as ice by chilling 
to -20°C. The turpentine thus dchycrated had the following proper- 
tics; Sp. ay J303 . 8663; n=?, 1.1698; yer. +16.8; Engler dis- 

15.5 D D 
tillation, initial 153°C, 98 per cent distilled below 165°C. 

The turpentine was then subjected to pbahemakic fractional 
distillation under reduced pressure. The more highly volatile 
material which passed the wator condenser was collected ina dry 
ice trap. Only compartment "a" of the dry ice trap of Figure 1 
was packed with dry icc. The "heads" from 31 kilograms of turpcn- 
tine were thus concentrated into three fractions. These concen- 
trates, still containing large proportions of a-pinenc, had the 


following propertics: 


Table I. 

) Optical 
Fraction Wt. Boiling Range Rotation (1) 
(ie. “Ci ay = 

D 

1 ZO 53-70 (51 mn) +1525 

2 78 62-63.5 (3), mm) +2765 

3 76 63 5-63.7 (3 mm) +29.5 


(1) The pure u-pincne was found to have a rotation of +31.0°. 
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Figure 1. Fractionating Assembly. 
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After four systematic rofractionsetions, a now scrics of 
fractions was dbtaincd, of which tho following arc the five top 


fractions: 


Table If. 
Boiling Rango Refractive Optical 
Fraction Wt. °C. et 760 mm Indox Density eRe 
(Gms. te 22 20 
Sais iD “hy oD 
13 Zm1/2 56-63 1.3776 0.800 ee * 
2 4 63-102 1.105 il — 
3 4 102-120 1.4),00 ae 2a 
h, hh 120-145 1.4485 was — 
5 12 145-156 1.14630 = +2);,6° 


Thc first four fractions, totaling only 15 cc, represont 
tho major part of the "heads," or portion boiling bolow a=pincne. 
Each fraction bdilcd ovor a wide ronge of tomperaturc, indicating 
that no purc compounds havo boon scparatcd in any of these frac- 
tions. ‘The fifth fraction is sbout 80 per cent a-pinene. The 
results of thia distillation indicate that the total "Porcrun" 
or matcrial boiling bcolow a-pincne constitutes at most, .O7 pcr 
cont of tho original turpentine. This is teken as a maximum, since 
tho sample was obtained from tho first 10 per cont of a charge, 
end was somewhat richcr in forerun then the coumorcial turpentine 
as awhole. Further investigation of this part is awaiting collcc- 
tion of larger samples. 

Tailings, The samplo of turpentine used in this part of the 
investigation wes « portion of the last 10 per cont (2) of turpentine 
distilled from a cormercinl distillation of longleaf oleorcsin 
(P. Palustris) 

10 
(2) This pcertion was collected because it has been found that the 
least 15 per cent of spirits conteins a higher proportion cf 
B-pinene and tailings than docs commercial gum spirits. The 
Darmois9/mothod of calculetion indicatcd that this sample 


contained about li5 per cent a-pinene, about 7 per cent 
Bepinene, and 7.7 por cent tailings. 


=Ge 

The turpentine had the following constants:= 

Sp. gr. 2 87473 n20, 1.47393 aes +3.9: Engler dis- 
tillation, 89 Pe kak distilled bolow 170°C. 

In order to remove rosin carricd over by entrainment during 
the commercial distillation, the turpentine was redistilled with 
steam. The residue was then subjected to vacuum distillation, and 
the portion which did not distill below 100°C. at 1 mm was considered 
"non=volatile." Examination of this non-volatile rcsidue, amount- 
ing to 0. per cent of the original turpentine, showed it to be 
principally resin acids. 

Twenty-six kilograms of this recistilled turpontine was sub- 
jected to repeated fractional distillation in order to climinate 
the pinenes (3) and to effect a concentration of the tailings. After 
several refractionations, a serics of 50 fractions, boiling above 
B-pinene and totaling 2 kilograms, was obtained, and these are 
listed in Table III. The physical propertics of these fractions 
are shown graphically in Figure @. <A number of compounds were 
obtained in high concentrations in various fractions, as indicated 
in Table III, and evidenced by breaks in the curves in which the 
progressive change in propertics were plotted in terms of per cent 
distilled. 

Progress in the scparation of the hydrocarbons from the al- 
cohols and methyl ethers also was followed by the determination 


ey LT 
of hydroxyl by the Zcrevitinoff method, and of methoxyl by the 


yA 
Viebock and Schwappach method as modificd by Clark. 


(3) <A previous investigation has shown that, except for the 
small amount of forerun, the fractions distilling below 
the tailings contain only a-pinene and fB-pinene, 
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Figure 2. Properties with Respect to Percent by Weight of Fractions 
of Tailings (Table III). 
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Figure 3. Properties with Respect to Percent by Weight of Fractions 
of Alcohol-Freed Tailings Distilling between 65 - 100° ¢/10 mn. 
(Table V) 
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TABLE III. 


Physical and Chemical Properties of Tailings Fractions 


Ratio each Ratio each 
Fraction Distillation Refractive Optical a/ b/ fraction to Sum of Fraction to 
Noe Temperature Index Rotation Density Hydroxyl Methoxyl Total Tailings Fractions Turpentine 
¢/20 mm 25 Phas 20 % % % % % 
oD D ah 
y 5907-6020 omen 18.2 aren — ——- 306 326 0.28 
2 6020-6140 1411760 16.20 28613 pane on 201 5 eT 0016 
3 61.0-4)..0 1.73 ~13.12 28,80 an! eee 1.6 Ted 0.12 
4 6420-690 1.6):732 - 6220 8283 — —— A) 8.9 0.12 
5 6920-7005 14743 - 5.1 8352 -— — 1.0 929 0.08 
6 70.5-7100 1.4751 - 3.18  .8398 ~~ — ley 11.3 Oell 
“( 71.0-7123 161753 - 1.60 28)05 —— bent Lef 13.0 0014 
8 7163-7165 1.1752 - 1.05 8413 — --- 2.0 15.0 0.15 
9 7165-7167 1.4754 — 0.40 . 3 —— sees 1.8 16.8 O. 
10 7Tle7-7le7+ «1614759 #1.15 .a12 0205 0.2 i app k 279 0685 
11 7T1e7+-7200 1.41)756 #151" Outs wee --- 1.5 29 oh} 0.12 
12 720-7340 1.;756 + 1.52 .8408 — --- Ql 31.8 0.18 
13 1320-7620 1.):771 +051 821 0.2 --- 1.8 33.6 Ol; 
wy 760-850 1)\829 = 2.80 .8813 Lok 0.2 3.5 37el 0.27 
15 85 0-930 1.1;791 = 7098 9313 2.6 --- lel; 385 Oell 
16 9320-9740 1.1;78) = ).82 Ahh — — 1.3 39.8 0.10 
17 97 20-9846 101,83) + 2.80 98) 6.0 2.8 1.3 Pisd 0.10 
18 98 .6=99 07 11,881 + 7200 09525 a ‘acters 1.3 elt 0.10 
19 9927-10066 141909 +9290 9557 ame wee lel) 3.8 0.11 
20 100.6~101¢1 101;939 #12005 9616 602 ye Lely 4502 0.12 
a1 101.1-101.3 1.11953 413081 9622 -—~ —_ ley 6.6 O11 
22 101.3-10126 1.41:969 #156110 29636 “+ — y Ba 48.0 0.11 
23 101.6-102.0 16)981 #16638 «9652 506 720 lly LI, Oell 
2h 102.0-10262 1):993 #17618 «9655 — Telt 1.2 50.6 0.09 
25 10242-1021 1.500), +17280 9662 -e 709 lel} 52.0 0.11 
26 102.61;-10266 1.5013 +1807 9667 505 8.5 Lely 53elt Oell 
27 102.6=10303 165025 416.20 .9648 -— 9.8 520 58 elt 0.38 
°c/10 mm 
28 8920-895 1.5036 +1559 grit eons 10.6 520 61leli 0.23 
29 8925-9020 165051 413.07 9649 57 11.8 300 Aelt 023 
30 90 60-905 1.5059 +10.80 9646 non 123 el} 66.8 0.18 
31 9025-9160 1.5076 +5030 964) 2.8 130 2.6 69 ely 0.20 
32 9160-9165 1.5071 +2685 .967 2.8 11.2 ley 70.8 0.11 
34 9125-9220 165068 = O63 9647 Sees 10.7 1.9 27 0.15 
3h 9220-9265 165031 = 386 9652 --- — 1.8 Ted Oolk 
35 9205-9500 1./;9),1 = 6.95 09657 Losec ——- 200 1605 0.15 
26 95 20-970 121,825 “10.28 9691 3.6 305 17 7802 0.13 
aT 97 20-98.0 1.1:764 -12.50 9705 --- --- 2.0 80.2 0615 
38 980-98 ely 1.44753 “12.90 .9715 4.8 --- 1.6 81.8 0.12 
39 98 011-98 07 1.11751 =12.70 9725 6 Oly 1.6 83 ol 0.12 
ho 9827-9940 1.6):751 12.35 +9718 — --- 2.2 8546 OslT 
hl 990-9965 1.1775 11.53 9713 503 <= 1.6 872 0.12 
2 ( at 10 m 
(99e5-100.0 1.:793 -11.00 .9708 --- --- 1.3 885 . 0.10 
3 ( at 5 mm 
( 87-91 1.1821 = 8673 9682 — ss 1.2 8907 0.09 
Lhe/ oe 1.1;900 - 1.00 .9670 8.1 065 2.0 91.7 0.15 
5 ( at 10 m 
(103=10l,.2 1.1887 * 0082 29609 y Pe 0.3 1.5 9302 0.12 
hé ( at 10 m 
(10462-10665 1.1891 + 70 9534 705 003 lly Nye O11 
7 ( at 5 m 
( Sy-101 161871 *#he10 972 6.8 13 1.5 9661 0.12 
he ( at 5 mm 
(101-107 1elj9:3 = 55 9682 5e7 76 Ler 9702 0,08 
L9 (107 at 5 mn to 
(103 at 3 mm 1.5105 = 5051 1200) 3el 2005 le7 98.9 0013 
50 
(Residue) ooeus 161)965 bo 1.88 29879 602 1.9 lel 100.0 0.208 


a/ Theoretical hydroxyl equivalent of ©, of, 7H equals 11.03%. 


b/ Theoretical methoxyl equivalent of CoH OCH, equals 20695%. 


of Fractions 5-50 were not included in the final refractionation because of their high boiling pointse 
Fraction lj); is the residue from the final refractionation of the tailings. 
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Interpretation of plotted data shown in Figure e. Breaks in 


both the density and the refractive index curves between 5 per cent 
and 10 per cent points indicated thet there had been a conccntra- 
tion of some compound, the properties of which pointed to the 
saturated cyclic hydrocarbon, p=-menthanc, a compound previously 
identified in steam distillicd wood turpentine. Because of tho 
small quantity available and the presence of sete taoaad Sed propor- 
tions of B-pincne, it was not possible to obtain this compound pure 
by further fractionation. However, a portion of frection lh, Table III, 
was found to dissolve completcly in mild fuming sulfuric acid, in- 
dicating the absence of stable saturated hydrocarbon. The most 
probable unsaturated compound appears to be pementhene. An attempt 
was made to prepare a nitrosyl chloride, but none could be isolatoc, 
probably duc to tho admixture of both f-pinene and cipentene. 
Dipentone. Flat portions on all the curves between 10 per 
cont and 35 per cont points in the distillation are duc to the 
separation of cipentene. The slight slope of the rotation graph 
can probably bo attributed to the presence of a small amount of 
active limonene... The dipentcne was identified as the tetrabromide. 
A maximum oppears on the refractive index and a minimum on 
the optical rotation curve in the region of the 37 per cent point. 
Hydroxyl ceterminations indicate that the fractions in this region 
contain approximately 20 per cont terpene alcohols (See Table III). 
‘These changes may be due to the appearance of the terpcne alcohol. 
The minimum in the refractive index curve at tho 40 per cent 
point and the flattening of the density curve near this point are 


due to terpinolene, which was identified as described later. 


=-1l0= 

About 35 per cent of the tailings was found to be a mixture 
of methyl chavicol and torpene alcohols distilling over a 10°C 
range. While the density curve in this region (2-77 per cent 
points) is nearly flat, and would. appear to 4 nee a pure come 
pound, this, however, is only se phinblie due to the fact that methyl 
chavicol and the terpene alcohols have approximatcly ihe na den-= 
sitics. The refractive index curve has a maximum at 70 per cent 
point and methoxyl detcrminations (See Table III) show that methyl 
chavicol reaches a maximun of 6 per ccnt at this point. The ro- 
tetion curve has a eer at 5h per cent point. This is in agroe- 
ment with hydroxyl determinations which show that tho amount of 
terpene alcohol reaches a maximum of about 50 per cent at this 
point, the maximum in the rotation curve at this point presumably 
being duc to concentration of alcohols. 

The distillation curve flattens out between 80 per cent 
and 87 percent points, the density curve has a maximum, and the 
refractive indcx has a minimum. These effects are due to the 
concentration of inactive bornyl acetate (4), the identification 
of which will be described later. 

Hydroxyl determination (Table III) shows that the quantity 
of terpene alcohol passes through a minimum at tho 7e per cent point, 
the point at which the rotation or cresses the: zero rotation linc. 
After reaching a minimum the quantity of terpene alcohols again 


increases as the negative rotation increascs. 


5/ 
(4) Greek turpentine contains about 1 per cent inactive bornyl 
acetate. 


Siw 

The por cent hydroxyl continues to increase, while the 
rotation curve passes through a minimum and reaches 0 maximum at 
the 95 per cent point. Near this point, the rotation curve has 
a maximum and the refractive indox and density curves have a 
minimun, 

The refractive index and donsity curves have a maxinun 
near 99 per cent point and the rotation curve has a minimum. The 
per cont methoxyl reaches a maximum at this point also. These 
effects arc without doubt duc to another methyl ether of sone 
type. The minimum in the rotation curve may be duc to a change 
from one alcohol to another. The percentage of hydroxyl passes 
through a minimum at this point. 

All the higher boiling fractions were tested for phenols 

13/ 
with diazo-p-nitrobenzone. Fractions 46 to 50, inclusive, Table 
III, gave positive tests, indicating that at least part cf the 
hydroxy compounds in theso fractions was phenolic. 

Chemical Separation of the Alcohols and _a Study of the Non- 


——— 


Alcohol Portion Distilling bcolow 100°C at 10 mm. Since hydroxyl 


ae ew me 


determinations showed that the first 34 per cent of tho tailings 
contained very little terpene alcohol, the chemical separation of 
the alcohols was confined to the portion between 34, per cent and 
89 per cont points. The thirty fractions involved were recombined 
into five portions, and cach portion was treated with butyl borate 
for the separation of alcohols. 

After determining active hydrogen by the Zcrevitinoff method, 
1 mol. of butyl borate was added for cach 2 mols. of hydroxyl. 
The mixture was placed in the distillation flask of a vacuum dis- 


tillation assembly and was held at a prossure of 50 mm and heated 


_-1l2= 
in an oil bath at 80°C for 15 minutes. . The temperature of the oil 
bath was then gradually increased to 125°C, and at the same time 
the pressure was lowered to approximatcly 1m. fhe reaction mix- 
ture was held at this temperature and pressure for 15 minutes 
after distillation hed practically stopped. The vacuum distillate 
contained butyl alcohol, the excess butyl borete and’ compounds 
Pt ma hydroxyl groups. The alcohols, having been converted to 
non-volatile borates, remained in the distillation flask. 

The alcohols were recovered from the borates by stcam dis- 
tillation and were found to be a relatively complex mixture. The 
borate residucs, remaining after tho stcam distillation of the al- 
cohols, were diluted with petroleum ether. A solid separated from 
the borate residues from portions 2 and 3. Its propertics are given 
later, and correspond to those given in the a ae inactive 
pinocarveol hydrate. 

Fenchyl alcohol, if present, should have beon found in por- 
tions 1 and 2. ey however, was detectcd by the methods used 
to identify it in stcam distilled wood sigehlae” 

The alcohols from portions 1 to 5 were kopt at -20°C for sov- 
eral weeks. Those from portion 3 yielded a small quantity of low- 
melting crystalline material, data on which are given later and 
point to inactive pinocarveol (5). 


Non-Alcohols The vacuum distillate (containing the non- 


alcohols) wis thoroughly washed with water to romove butyl alcohol. 
The five portions thus obtained totaled 700 g and had the following 


propertics: 


A) 
(5) Pinocarveol (dextro) has been reported by Schmidt as one of 
the autoxydation products of B-pinene. 
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Table IV 
Non-Alcohols 
Refractive Bulk cistilling 
Density Index % between 
Portion qed 25 Mothoxyl °¢/10 mm 
h D 

1 . 8956 1.14800 2.3 68°- 90° 
2 95h 4 1.44936 asian 85°=100° 
3 9562 1.5052 16.1 88°-100° 
h . 9670 1.506), 15. 91°-106” 
5 -9732 1.4712 woe 95°~105° 


These portions were subjectcd to systematic fractional distillation, 
and < serios of fractions was obtaincd having the propertics indicated 
in Table V and Figure 3. 


Torpinolonc. 


— 


The distillation temperature curve and the rc- 
froctive index curves show breaks around 5 - 8 per cent point, in- 
dicating a hizh concentration cf a compound in this rogion which was 
identifica as terpinolenc by its toetrabromide. 


Bornyl Acetate. The distillation temperature and density 


curves, Figure 3, indicate a compound had been concentrated in the 
rogion betweon 87 end 100 ver cont points in the distillation. The 
sharp break in the rofractive index curve indicated that a compound 
with a much lower refractive index was cistilling just above tho dis- 
tillation tomperature of mothyl chavicol. Inactive bornyl acctate 
was identificd in fraction 14, Table V. 

The distillaticn tcmmocrature curve flattens out between hs 
per cent and 80 per cont points (Fisure 3), indicating thet a con- 
siderable quantity of purc compound has separated. The refractive 
index curve, however, moroly reaches a maxinun, indicating that the 
product is not entiroly pure. Mcthoxyl detcrainations also indicate 
that methyl chavicol, the principal constituent in this region, 


varices in purity from 75 to 89 per cont, and then back to 75 per cent 


again. 


Te 

Methyl chavicol. The fractions 6, 7 and 8, Table V, fep- 
resenting 35 per cent of Table V, were systematically refraction- 
ated. Forty per cent of this distilled from 91-9l.e2 at 10 ma. Mcthoxyl 
detcrmination indicated thet it was 91 per cent pure methyl chavicol. 
Saponification indicstes that this 91-91.2° cut ee contained 9 
per cent of bornyl acetate which had not been completely removed 
by fractionation beceuse its distillation tcmpersture was so near 
that of mothyl ene 

The refractionated methyl chavicol cut had the following con- 
stants: qo, ~9665; n©?, 1.5167. It would not solidify when held 
at -20°C for several weeks, | 


Properties of the Solid Isolated from Borate Residucs. The 


re ae ee 


material was recrystallized several times from bonzene. The follow- 


inz is a comparison of the propertics of the purified crystals 
15/ 
with those listed by Schmidt for pinocarveol hy“rate. 


TM. Pe Mol. Wt. Combustion 

Material °C. Camphor C H [aly 
Reerystallizec solid 182-183(corr.) 33 70. 3% 10.80% +,° 
Active pinocarveool ‘ 

hycrate 190-191 338 70.16% 10.74% -31° 
Inactive pinocarveol 

hycrate 176-177 — — ale 0° 
Calculated for 

[C1 Hy g%] --- BO 70.53% «10.67% ~-- 


Propertics of the Alcohol Soparatcd by Cooling to -20°C. 
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Phonyl Urethane 


Material rigs Te De N TM. De 
"ithe "(Ce °C. 
Low melting crystals below 0° 99-100(corr.) 4.95% 178-179 (corr.) 
Active og Rares +7 88=- 90 -- 190-191 
Inactive ON 4 --- 95- 96 --- 176-177 
Calculated for 
6. pose AN ae --- 5.16% ---. 
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About 1/2 g of the alcohol was shaken with dilute sulfuric acic. 
4 small amount of solic, mp. 178+179°C and not present in the abears ian 
material, was obtained. Mixed melting point with the solic isolated 
from the borate residue gave no cepression of tho melting point. 


——— 


identification of Dipontene as Tetrabromice, Four grams of Frac» 
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tion 10, Table III, was dissolved in a mixture of amyl alcohol and cther, 
cooled to O°C and brominated by the dropwise addition of 9 2 of bro- 
mince, The crystals isolated from the reaction mixture were recrys- 
tellized from absolute ethyl alcohol. Tho tetrabromide melted at 12h. 
125°C; mixed melting point with authentic ditcrpone totrabromidé gave 

no depression. 


Identification of Terpinolene Totrabromidee The tetrabromide 


 hiiadiiedehiemetnaiien ented dh 


of Fraction 2, Table V, was propared by the same procedure used to 
prepare dipentene tetrabromide, The bromide melted at 118-119°C. Mixed 
melting point with authentic terpinolene totrabromide showed no depression. 
Identification of Inactive Bornyl Acetate. For identification 
purposes, 5 g of Fraction 13, Table V, was saponificd with alcoholic 
sodium hydroxide. On dilution with water, borncool separated anc was 
filtered off. After drying somewhat, the crude product was sublimed 
to climinate tarry material, anc was then reerystallized from petrol- 
eun ether. The crystals melted at 207-208°C, but gave no depression 
with authentic borneol, [a], = 92°, 
The alkaline solution was oxtracted with ether to romove tarry 
material, then was acidified with sulfuric acid until acid to Congo, 
and distilled. The distillate was made alkaline to phenolphthalein 
with sodium hydroxide and evaporated. The p-toluidide was prepared 
in the usual way, and melted at 148-149"°C. No depression of the 
melting point resulted in ati aoe melting point determination with 


authentic acctyl p-toluidide. 
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Identification of Methyl Chavicol. Five grams of the methyl 
chavicol cut distilling between 91.0-91.2 at 10 mm was oxidized at 
room temperature by shaking with 300 cc of lh, per cent potassium per- 
manganate. The manganese dioxide was filtered off and the filtrate 
was concentrated to 100 ec and acidifed with hydrochloric acid. The 
precipitated anisic acid was recrystallized from water and melted at ‘ 
185-186°C. Mixed melting point with authentic anisic acid gave no 
depression. 
After removal of the anisic acid by filtration, ether extrac- 
tion of the concentrate yielded about a gram of crude homoanisic 


acid. After recrystallization from water the acid melted at 86-87 °C. 


Gum turpentine derived from longleaf pine (P. Palustris) 
was fractionally distilled, and the materials distilling below 
a=~pinene and above fP-pinene wore separated. The samples of turpen- 
tine used in this investigation were the first (richor in "forcrun") 
and last (richer in "tailings") portions, respectively, of commer- 
cial distillations of gum, and were found to contain -O7 per cent of 
forerun and 7.7 per cont of tailings. Because of the very small 
quantity of "forcrun" available and its relative comploxity, sep- 
aration into its constituonts by fractional distillation was not 
found possible. 

About two kilograms of tailings were subjected to repeated 
fractional distillation, and were found to have the following gross 
composition: 

(a) About 2/5 of monocyclic hydrocarbons. 

(b) About 1/5 terpone alcohols and phenols. 

(c) About 2/5 consisting principally of others and 
esters, 

The chemical and physical data of the final scrics of frac- 
tions obtained, when correlated and considered in tho order of ase 
conding distillation tomperctures, showed the distribution of 
constituents in the tailings to be somewhat as follows: 

(a) A small quantity of an unsaturated hydrocarbon having 
propertics similar to p-menthene, 

(b) Considerable dipentono (about 1/.), which appeared to 
cortain a little d-limonene. 

(c) A small quentity of terpinolene. 

(d) A considerable proportion (about 1/3), consisting osscn- 


tially of a mixture (approximately cqual quantities) of methyl 


-18—= 
chavicol and alcohols. 

The alcohols appeared to be a relatively complex mixture. 
Fenchyl alcohol, one of the predominant alcohols in the tailings of 
stoam distilled wood turpentine, could not be detectod. <A solid 
having the propertics of pinocarveol hydrato was isolated, as also 
an alcohol, solid at low temperature and having miopieltiann similar ’ 
to pinocarveol. 

(c) A portion (about 1/6) which was essentially bornyl acc- 
tate, but also containcd alcohols and a small eects Pe of alkyl 
echor. 

(f) The remainder of theo tailings contained hydroxy compounds 
which were in part phenolic, another alkyl ether, and esters other 
than bornyl acotate. 


Description of fractionating assemblies adapted to vacuum 


fractionation is given. 


16. 
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